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Abstract
This work compares different approaches to estimate the position, activity and the number of sources
of radiation and proposes the best solution. The compared approaches use the measurements of radioactive levels acquired in different positions to estimate the location of the radioactive sources, as well
as the number of sources and their respective activity. The approaches were tested using a computer
simulation and, then, in a laboratory environment. The integration of a collimator was also tested. The
approaches are the MLA (Maximum Likelihood Approach), the RLCA (Robust Location with Clustering Approach) and the LSEA (Least Square Error Approach). They were tested in 2D and 3D, and in
2D with collimator. The MLA provides the best results using computer simulation. The used sensor
was a commercial GMT (Geiger-Müller tube) and the collimator was designed and implemented by
the author. The experiments performed in 2D with and without the collimator provided better results
when compared to 3D. Additional experiments were performed with a UAV (Unmanned Aerial Vehicle)
in controlled outdoor environment with sources of radiation, but without the collimator. The GMC
(Geiger-Müller counter) was installed in the UAV equipped with a GPS (Global Positioning System)
receiver. The experimental results are reliable in order to proceed with the work with other radiological
sensors and using a fleet of UAVs.
Keywords: UAV, Radioactive Source, Radioactivity, Detection, Collimator

1. Introduction

1.1. Hot-spots detection approaches and application with robots
There are previous works describing approaches
which identify the parameters and number of
sources.
Maximum likelihood approach (MLA) is based on
the calculation of the parameter in the maximum
value of the likelihood. The likelihood is calculated
with a Poisson distribution where the samplings are
the level of radioactivity and the parameters are the
position and intensity of sources in the model of the
distribution of radiation. In the work described in
[1] it is used this approach for the simple case of
a single source. In the work described in [2] it is
used this approach to estimate the parameters of
an unknown number of sources.
The work described in [3] uses a ratio of square
distance to discover possible positions of a low-level
radioactive source with two pairs of a group of three
and intercept the solutions. The results have two
positions. So the process is repeated for every combination of three possible s. The work uses the clustering process to find the area with more concentration of possible position. The final source chosen is
the source with with more signal noise ratio. In the

Radioactivity is a physical phenomenon that occurs
naturally when an unstable isotope element decay
to another element and emit ionizing radiation. In
some areas with abnormal levels of radioactivity,
it is important to know the places with high levels of radioactivity to prevent the future risks of
public health or radioactive contamination. High
levels of radioactivity can be dangerous for public
health. On one hand it may damage the cells because the radiation energy may destroy parts of the
cell or its function . On the other hand, the high
levels of radioactivity can indicate the presence of a
radioactive mineral. These minerals are important
for nuclear industry.

One way to analyse, to monitor or to study the
areas is making a map of the radioactivity. This
idea consists of a map that represents the location
of hot-spot radioactive sources. The idea of the
work is to make this with UAV to operate in all
types of terrain, it is low cost and easy to use.
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end, to discover the intensity, the equation of model
of radiation distribution is calculated.
In the work [2] it is described the Bayesian approach that chooses randomly particles. Each one
represents the characteristic of a number of sources,
for each one it is calculated the probability with
the s information. In each iteration, particles are
re-sampled according to weight. Weight is proportional to the probability. Probability is calculated
with likelihood function with adaptive step factor.
In each iteration the particles are actualized according to a kernel density function. When iterations finish, the estimated sources are the averaged of particles. The process is repeated for different numbers of sources and the chosen case is the
case with more probability (likelihood plus posterior function).
In the works described in [4] and [5] robust localization with clustering approach (RLCA) is used
to estimate the number, activities, and positions
of sources. The approach chooses initial randomly
particles. Particles represent sources with position
and activity. In each iteration, particles are classified by weight. The weight is proportional to likelihood. The worst particles are replaced by the particles with the closest parameters of those of the
best particles and few numbers with totally random
particles. It is also used a clustering process in particles. The clustering process estimates the sources
with the centroids. The iterations finish when the
confidence score is bigger than the stipulated value.
In the work described in [6], the least square error approach (LSEA) is used to discover the position of a single source. In this work, 4 sensors are
used. The approach applies least square error to
the model and s, however, in this case, it discovers
the temporal change of background and position.
The aprouch used in article [7] is used to discover
the activity and position of one source. This approach fits a function of a wave in data. The first
step is to remove the background and noise with a
medium filter. Next, it is made wavelet transform
with Mexican hat wavelet. With the obtained function it is calculated the position and the activity of
source.
In work [8], it is used a multi-scale support vector
regression with a kernel function of Gaussian radial
basis function to divide the area in areas with different levels of radioactivity. The final result is a
heatmap where is possible to see the location of the
hot-spots.
Some works use UAV and UGV (Unmanned
Ground Vehicle) controlled by tele-operation or autonomy to make the of radioactivity, because of the
dangers of radioactivity in health and the difficulties to make s on the field.
In the work described in [9] and [10] a UAV with a

gamma-ray spectrometer, a GPS (Global Positioning System) receiver to measure the position and
a range finder sensor to measure the distance until
the ground are used. The information is the position and measured intensity. UAV is always in
movement and acquires with a frequency of 2 Hz.
The data is used to build a 2D heatmap with radioactivity information. In the work described in
[11] the same instruments in UAV are used to make
an elevation heatmap with the data. In the work
[12] a cheaper instrument is used, the UAV with
GMC is used to build a 2D heatmap. In works [13]
and [14], it is used a fleet of UAVs. It is studied the
flight in formation of a fleet of UAVs. The study
shows that the fleet has results with more reliable
information than a single one. This is used to detect nuclear radiation. This can be used to map an
area faster.
There are works that use a UGV to discover the
position of hotspots or mapping, these vehicles have
the advantage that, on the ground, the radioactive
level is bigger than the level measured by the UAV.
In work [5], a UGV is used for the s and use RLCA
to discover the position of the radioactive source.
In works [15], [16] and [17], a cooperation of an
UAV and an UGV is used to discover sources or
to build 2D radioactive heatmap. The UAV builds
the radioactive heatmap of a big area and UGV
carries out a more detailed analysis on the ground
where the radioactive levels are higher. They use
scintillation detectors.
Some works carries out a radioactive inspection
in indoor environment like in a building. In work
[18] is used a video camera and a depth camera
to have a 3D structure of the indoor scenery and
the localization of UAV, and a GMC to measure
the radioactive level. With this data 2D heatmap
of radioactivity is created. In works [19] the same
sensors of the previous work are used in a 3D reconstruction of the indoor environment as well as
an indoor environment 3D radioactive heatmap.
There are some sensors measured the radioactive
levels that are portable and can be transported by
the UAV. The chosen radiative sensor is GMT because it has a very simple use, it is cheap, and
a small size, which makes it ideal for transportation by UAV. This sensor is part of a detector
called GMC. The GMC does not measure radiological magnitude, but it can be used to estimate
magnitudes in doses or levels of radioactivity [20].
Correctly, other works find number, position, and
activity of some sources. Other works use mobile
robots to record the measurement of radioactive
levels with a gamma-ray spectrometer in order to
create a radioactivity map or to identify radioactive sources.
The propose of the thesis is to look in to the ap2

proaches of other works and adapt them, and using
a UAV with GMC to find the number, positions,
and activities of a group of radioactive sources. To
carry this out, some measurement with different positions have been made. Other works did not use
a collimator, so another objective is to project a
collimator together with a GMT and to verify the
viability of collimator use.
The model of radioactive intensity propagation
is a model where the radioactivity decreases with
the inversion of square distance towards the sources,
where the radioactivity levels represent an avarege
level of radioactivity [20]. This is the model used
by the majority of works. It is considered that the
source activity is usually considered stable. Each
hot-spot in the work will be dealt with as a single
point so in the text it will be referred to as a source.
In this work, the approach is defined as a technique
used to resolve a problem and process is defined as
a group of actions used to reach an objective.

When the estimated sources are too close to the
measurement, this is not considered in eq. 2.
This process is repeated with different numbers
of sources. The chosen case is the one that has the
highest result of the function 3.
1
(3)
βŝ = log (p (ŝ)) − log |J (ŝ)|
2
Where J is the Fisher information.
When the sources are too close they are said to
have the same average position and the sum of activities.
2.2. Robust Localization with Clustering
The approach starts with some particles from randomly chosen sources parameters . Initial weights
of particles are the same.
The weight is calculated with the likelihood function that is a Poisson distribution of the propagation model of radiation with the measurements,
multiplied by previous weight.

2. Approaches used to identify hot-spots
The approaches chosen are the MLA (multiple
sources), RLCA and LSEA. The reasons for choosing MLA are: it is simple to put in to practice, it
was used to find the number and the characteristics
of the sources, it is simple to adapt to the collimator model and it also works with fewer measurements compared to other approaches. The reasons
for choosing RLCA are: it was tested in 3D simulations, RLCA does not repeat a process with different number of sources, and is also simple to adapt
to the collimator model. The reasons for choosing
LSEA are: it shows good results with one source
having few measurements and is simple to adapt to
multiple sources. It has the advantage of working
with much fewer measurements compared to other
approaches and it is simple to adapt to the collimator model.
To minimize the function of likelihood in MLA
and error function in LSEA the Poll process is used.
This process using pre-determined function on matlab.

w(θk,t , k) = w(θk,t−1 )v(θk,t )

(4)

9 per cent of the sources with the worst weight
are changed with a particle randomly chosen by the
half best sources and one per cent of other worst
weight is allocated with another random position
and activity. This process is repeated until finalization after a defined number of sources and the
clustering process is made at the end.
Clustering process k-means is used to find the
number of sources and divide the particles in different sources. The source parameter is obtained by
means of source groups averaged.
2.3. Least Square Error
The approach used in article [6] uses the position
and intensity of radioactive levels of some findings
to discover the background and position of one radioactive source.
This process calculates the least square errors of
the model of radiation propagation(eq. 5).
!
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2.1. Maximum Likelihood
A number of sources are acknowledged in the bej=1
l=1
ginning. Due to computational reasons in sources
This last process is repeated with a different numidentifying the approach minimizes the equation of
ber
of sources. The number of sources chosen is the
minus logarithm of likelihood function.
case with a minimum value of eq. 5.

2.4. Application of Collimator
When the collimator is used, it is considered in the
j=1
model of propagation of radioactive radiation, that
when the source is not inside the solid angle of the
f (ŝl , qoj ) is the estimated radioactivity measured sensor, it is not considered in radioactivity field by
in position qoj relative to the estimated source ŝl .
a sensor or is attenuated. It is considered a perfect
collimator that is symmetric. So, the solid angle
ŝ =
min
(− log(v))
(2) considered is symmetric with a form of a cone as
{ŝ1 ,ŝ2 ,...,ŝN }
v(ŝ) =
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f (ŝl ,qoj )

(1)

3

solid angle Ω in fig. 1(a). In approaches, to know
if the source is inside the solid angle, the criterion
is when at the angle with vertical and source (angle
is represented in fig. 1(b) as ω) is smaller than the
stipulated care considered inside of the solid angle.

Figure 2: Results of 3D (first column MLA and
second column LSEA)

(a)
Solid
angle

(b) Angle with vertical and source (the
blue source isn’t measured or attenuated
and the orange source is measured).

Figure 1: Collimator solid angle
3. Implementation and Results
3.1. Results Obtained by Simulation
It was tested to search sources in 2D and 3D. In
both tests, the objective is to discover the number
and characteristics of sources. In the 2D tests, the
sources were distributed in an area of a 100*100
cm2 and recordings are made in grid disposition
or random disposition. The number of recordings
(m) is the same in random and in grid. In 3D
test the sources were distributed in a volume of a
100*100*50 cm3 and measurements were made in
3 plans in 50 cm, 60 cm and 70 cm heights with
distribution in grid.The sources are randomly distributed in square area and activity is randomly
chosen between 10 and 30.
Firstly, it was done with three chosen approaches.
The 2D tests were made with the recordings at
ground level and 5 cm high. The test was made
with 1, 2, ..., 10 sources, with 441 recordings for 2D
test and repeated several times and 441*3 recordings for the 3D tests. The tests compare the real
number of sources with the estimated sources.
MLA and LSEA have acceptable results in the 2D
tests at ground level (fig. 4), but RLCA has bad
results mainly for a big number of sources. After
an analysis of the RLCA results, the big problem is
that the more active sources attract the more particles and the approach have difficulty to distinguish
closed sources. The RLCA was discarded for next
tests.
The 2D tests at 5 cm high (fig. 3) have a good
result, very similar to the previous with a small
improvement in tests with random recordings. As
in previous tests, the MLA has little better results
than LSEA but they are not significant.
In the 3D test, the results are in fig. 2. It is
possible to see that the error is bigger and in the
LSEA tests, the tests with more sources have a bad

Figure 3: Results of 2D test with measurement at 5
cm high (first line measurements in grid and second
line random measurements, first column MLA and
second column LSEA)
prediction of sources. After these tests, it was decided to discard the LSEA because MLA has better
results in all previous tests.

Figure 4: Results of 2D test with measurement at
a level of the ground (first line measurements in
grid and second line random measurements, first
column MLA, second column RLCA and third column LSEA)
Noise started to be considered in order for record4

ings to be more realistic. The noise in intensity
of radioactive level is simulated adding a Gaussian
noise number to the intensity parameter. The noise
position is simulated through different recording position compared to the initial position. The recording is made in the initial position added with Gaussian noise. The tests are made with noise in intensity, noise in position and in both. The tests were
made using 1 to 5 sources, estimated approach 1
to 8 sources, and for 441 and 121 measurement 2D
tests with measurements at 5 cm high. Noise is relative to intensity average measured and study area
side.
The 2D test simulation shows that the tests with
random recordings are more affected with noise and
with 441 recording the results start to be nonacceptable at 20% noise (fig. 5(a)) and at 121
recordings at 10% noise (fig. 5(b)). The results
show that the approach is more affected by noise in
intensity.
In 3D test was expected to shows more sensibility
to noise in intensity and less to the noise in position
measurement. The tests are unacceptable from 5%
noise level (fig. 5(c)) and higher. It is possible to
see that the 3D test is more sensitive to the noise.
In this part a measurement simulation was carried out using a collimator to understand its effect
in tests with and without noise. The tests were done
with different collimator opening (solid angle) to
compare with and without collimator with the conditions of the 2D tests at 5 cm in height. The chosen angles are π/6 and π/12 rad. Simulation shows
that the collimator result improves when noise is as
high as 20% (fig. 6 and fig. 7) in the measurements
position.
When it has noise in intensity or both intensity
and position there is an improvement in angle π/6
rad but it is not significant. The situation without
noise has the same result.
The following tests, compare the real position and
activity with estimated position and activity by approaches. These tests are done with just one source
and in both cases average and variance of deviation is resisted as well as activity and position, in
tests that were repeated 500 times. The tests were
carried out in the same conditions of noise as in
previous tests (without collimator, with collimator
with angle of π/6 rad and π/12 rad).
The simulation with 441 measurements (fig. 8(a)
and 8(b)) had better results. The tests without collimator had better results with noise in intensity.
The collimator only resulted in an improvement of
results in the sources position using noise in measurement position, in other greater error was registered, resulting in worse activity estimation while
the collimator.
The same test was with 3D tests. The results are

(a) Results with 10% error and 121 measurements

(b) Results with 20% error and 441 measurements

(c) Results with 5% error

Figure 5: In images, the first line is built with measurements in grid and in the second line random
measurements, the first column, counting from left
to right, does not have noise, the second column has
noise in intensity measurements, the third column
has noise in position measurement and the fourth
column has noise in both.

shown in fig. 9(a) and 9(b). The results show that
the approach is less sensitive to noise in position.
In general speaking, the random measurement results had worse results than measurements in grid.
5

Figure 6: Results with collimator angle π/12 rad,
with 20% error and 441 measurements (as in fig. 5)
(a) Results of uncertainty of activity of source and 441 measurements

Figure 7: Results with collimator angle π/6 rad,
with 20% error and 441 measurements (as in fig. 5)

(b) Results of uncertainty of position of source and 441 measurements

Figure 8: In images show the first line was built using random measurements and the second line using measurements in grid, the first column, counting from left to right, has noise in intensity measurements, the second column has noise in position
measurements and the third column has noise in
both. In each graphic, blue lines are without collimator, red lines are with angle π/6 rad and yellow
lines are with angle π/12 rad.

3.2. Experimental Results
In this section, the approach that is used to identify
sources is the same approach as in previous section,
MLA.
The available radioactive sources in the lab are
two, one of 40-Potassium (40 K) with about 1000
Bq and 241-Americium (241 Am) with unknown radioactive intensity. The measurements have 20 seconds to get results in order to show less error in intensity. The source does not have uniform radiation
levels in all directions. The GMC used is a SparkFun Geiger Counter - SEN-11345 with a GMT LND
712.
The GMC was studied. It has the same response
in all directions. The conversion factor was calculated to convert the counts measured by the GMC
of radioactivity levels in the model. The collimator was designed (fig. 10) with a sheet of lead of
3 mm. The collimator consisted of two parts. A 2

mm radius hole was built to enable the radiation
pass. The collimator was design to weight less than
350 g due to UAV payload.
After a study was carried out, the collimator angle was found. The distance of the source to the
GMT was stipulated and measured in different directions. The result of collimator angle is π/16 rad.
The first tests are to identify sources in 2D areas.
In these tests the sources are put on the ground
6

(a) Results uncertainty in position in 3D tests
(a) 36 measurements, 15
cm high

(b) 34 measurements, 30
cm high

Figure 11: measurements and source position estimated (O) and real (X)

(b) Results uncertainty in activity in 3D tests

Figure 9: In the first column, the image show, from
left to right, noise in position measurements, the
second column has noise in intensity measurements,
the third column has noise in both.

(a) Experimental result
with collimator estimated
(34.6 68.1) cm and 9477
Bq

(b) Experimental result
without collimator estimated (14.4 75.8) cm and
28228 Bq

Figure 12: Experimental result with and without
collimator, 121 measurements, source [35 65] cm

Figure 10: (left) Collimator design, and (right)
Parts of collimator
in an area of 100*100 cm2 and the measurements
is made in a grid of 36 recordings positioned in 15
and 30 cm in height. In fig.11(a) it is possible to
see the measurement and position sources of 15 cm
high test, as well as the test with 30 cm in height
(fig.11(b)). The real sources are in positions [30 75]
and [45 20] cm in both tests.
The tests detect the number of sources but with
a small error of in average 6.6 cm in positions and
big error in activity because the source of americium
is not isotropic and the source of potassium is less
active.
The second tests are to identify the source in 2D
area of 100 ∗ 100 cm2 with and without collimator
to compare the information. It was done with just
one source of americium with measurements at 45.5
cm in height with and without collimator to compare them. The tests were done with 121 and 36
measurements.
In the collimator test with 121 measurements, the
error in position was 3.1 cm. In the test without
collimator with 121 measurements, the error in position was 23.3 cm. In the collimator test with 36

(a) Experimental result
with collimator estimated
(71.0 38.0) cm and 10666
Bq

(b) Experimental result
without collimator estimated (91.4 26.2) cm and
27795 Bq

Figure 13: Experimental result with and without
collimator, 36 measurements, source position [80 35]
cm
measurements, the error in position was 9.5 cm. In
the test without collimator with 36 measurements,
the error in position was 14.4 cm. The collimator improves in position and gets worse in activity.
However there is a problem, in the real world, the
collimator attenuates the activity of sources because
the GMT is not a point and collimator reduces the
area of the sensor. If it is used with UAV, more
time of flight is necessary using more weight, thus
having more energy consumption.
A 3D test was done to identify the source in
a volume. Sources were located in a volume of
100*100*40 cm3 and the measurements are made
at 50, 60 and 70 cm in grid with 36 measurements
7

There was a problem, the measurements were
done in a short time span and the position of the
GPS receiver of the smartphone had a big error,
mainly in height. So the measurements in height
with disperse values among each other were removed. One option is to use measurements without
pre-approaches treatment and the other is to build
a measurement grid with the measurement average
in squares of 1 m2 area. The last option is statistically the one with more valid results.
The results, in first flight, estimated source with
position [31.5 13.5] m and activity 14290 Bq, second flight estimated source with position [32.7 15.3]
m and activity 49027 Bq, test on foot estimated
sources with position [26.2 22.0] and [23.1 11.0] m
and activity 31824 and 35336 Bq (figures 16(a),
16(b) and 16(c) respectively).

in each level, 108 in total.
The estimated number of sources was wrong. As
can be seen in figure 14 The 2D position, in x-axes
and y-axes, of estimated sources, are close to the
respective source and in height which is inaccurate
in z-axes. One problem with the test is that one of
the used sources in the lab is much more active than
the other. As in simulations test this test shows that
3D searching is very sensitive to the noise.

Figure 14: 3D test with sources in [25 45 7] and [75
80 29.5] cm and estimated source is in [29.7 52.1
40.0] cm with estimated activity of 13139 Bq
In this part, the measurement was done with
GMC attached to UAV Quadcopter Dji Phantom
model (fig. 15(a)). The duration of measurements
lasts only 3 seconds because the UAV is in constant
movement during the flight. The measurement parameters are registered with the help of app MaRIA
on a smartphone. The measurement activity is the
number of counts every 3 seconds of the GMC and
the position is measured with the GPS receiver of
the smartphone.
The tests are made in the area with two sources
on the ground (fig. 15(b)).

(a) First test with UAV

(b) Second test with UAV

(a) Assembly UAV with (b) Test location: X is the location
GMC
of sources ((27.9 13.9) and (25.4
7.2) m) and circle the considered
referential origin
(c) Test by foot

Figure 15: Assembly of UAV with GMC and test
location

Figure 16: Measurements with handling and
sources (X) and estimted sources (O)

Experimental tests were performed by a person
carrying the GMC while walking on the study area
In spite of error in data position, with these tests
and then using the GMC installed on a UAV while it is not possible to verify if the handled measureflying over the study area.
ments show good results in position. But it in terms
8

of activity, the handled measurement tests show results closer to those of lab test. Therefore, better
measurement distribution and measurement position are required.

inwhich sources were not isotropic. The use of collimator with UAV and GMC was not viable because
it implicated more flying time in order to achieve a
good number of counts and had worse results in the
identification of activity source.
Computational 3D tests had an acceptable result
without noise and with noise in measurement position. The experimental 3D test showed a very bad
result. In the 3D test, much more measurement
precision was needed than in the case of 2D test.
In a field test with UAV to resolve the problem
of the UAV not being on a fixed location, short
period measurement were made to improve the intensity measurement and an average grid was created in order to obtain better results. The results in a controlled scenery revealed that it was
possible to identify a hot-spot of radioactivity but
an evenly distributed measurement was needed to
prevent artefact source and improve located source
measurement
The solution put forward was a UAV with a GMC
and mobile phone to register the data with 3 second measurements using a grid that records average
levels of local measurements.
Concluding, the MLA was adapted for to bring
together close sources and also for the use of a collimator, which showed good results.
The computational results show that has important to have big measured data as well as long time
measurements. After a study done in the lab as well
as computational, it is possible to conclude that it
was not viable to use a collimator during the UAV
flight because more flight time was needed more
time of flight and due to collimator mass the autonomy decreased and the collimator reduced the
number of counts.
A low-cost solution was made to measure and
record measurement with a GMC and a mobile
phone that could be used with a UAV as well as
with a person carrying it. The final objective, which
was to identify sources on the field with UAV, was
accomplished.

4. Conclusions
The radioactivity monitoring is necessary to prevent health problems, to prevent terrorist attacks
and to discover radioactive mineral with commercial value. The objective of the work is to identify the parameters of radioactive sources in an area
with a UAV. This thesis proposed a solution to estimate the localization, activity and number of radioactive sources. The solution used a radiological
sensor to record measurements within the studied
area.
The GMT and other radiological sensors are
portable and could be carried by a human, however,
the UAV can carry these sensors and can be used
to make an exhaustive carry-out a complete coverage of the area, with a previously detailed route
or maybe using a fleet of UAV, and in all types of
terrain.
In this issue, the focus of error is in the position
and activity measurement of recorded radioactive
level.
Some approaches were tested, MLA, RLCA and
LSEA. In the computational tests that identify radioactive source numbers, the MLA had better results than other approaches in the 3D tests and 2D
tests. So the MLA was the chosen approach. These
tests that identify the number of sources are a good
criterion because a big scale test can have a lot of
sources. The experimental test in the lab to identify the number was not conclusive because it was
just tested with two sources and one of these was
not isotropic.
With the introduction of noise in measurements,
the number of sources detection test showed that
noise in the intensity of measurements had worse
results than noise in the position of measurements
and more measurements had better results. It is
possible to conclude that errors in measured intensity lead to more error in the final result than errors
in the position of measurements. These tests show
that it is equally important to make longer measurements as well as measurements in big quantities.
The simulation tests with collimator showed improvements in the results with noise in position,
and had significantly worse results with noise in
intensity measurement in the prediction of source
number and uncertainty of activity source prediction with noise, but it showed better results in position uncertainty of predicted source with noise. The
experimental results in the lab show that collimator reduces the number of measurement counts, but
improves the predicted position, even in lab cases

4.1. Future Work
While carrying out this work, some problems came
up such as lack of time and equipment. The following are some things to do in the future:
Using a sensor that enables a gamma-ray spectrogram to identify radioactive isotopes.
Using a bigger UAV with greater autonomy and
GMC collimated.
Obtaining measurements using a fleet of UAVs.
Obtaining evenly distributed measurements in radioactive leak and mineral location using UAV.
Related experimental part with isotropic sources
and with known activity, better equipment for position measurement as well as higher registers of big
9

quantities of measurements.
contaminant migration. Journal of Environmental Radioactivity, 164:26 – 35, 2016.
Using a range finder sensor or 3D scanner to obtain a precise altitude of the UAV measurements [11] P.G. Martin, S. Kwong, N.T. Smith, Y. Yamashiki, O.D. Payton, F.S. Russell-Pavier, J.S.
and enable the search in an area with elevation.
Fardoulis, D.A. Richards, and T.B. Scott. 3d
Testing the approach in the case where the source
unmanned aerial vehicle radiation mapping for
is considered a physical volume to identify the disassessing contaminant distribution and mobiltribution of the radioactivity and the source form.
ity. International Journal of Applied Earth
Observation and Geoinformation, 52:12 – 19,
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